The Ministry of Health and Welfare of Japan implemented the Health Services for the Elderly Act in 1983, based on the expectation that provision of preventive health services since middle ages contributes to well-being at old ages. Preventive health services under the Act include six items which local municipalities provide for residents aged 40 and older; 1) general health examinations called basic health examinations with special examinations when indicated and cancer screening for stomach, uterus, breast, lung, and colon, 2) Issue of a health notebook, 3) Health education, 4)Individual health counseling, 5) Rehabilitation programs, and 6) Home visit guidance 1,2). The basic health examination, which aims at prevention of hypertension, cerebrovascular disease, heart disease, diabetes mellitus, anemia, liver disease, and renal disease, is widely performed. The number of persons who got the examination was 9.91 million in 1995, accounting for 37% of eligible persons 3).
Facing the increase in the burden of care for elderly persons, it is an urgent necessity to evaluate the effectiveness of preventive health services under the Act. Randomized controlled trials are the most persuasive form to evaluate the effectiveness. Unfortunately, conducting such studies on the services under the Act are impossible because they are extensively performed .
With regard to the basic health examination, other study designs have been chosen to evaluate its effectiveness. Correlational studies at municipality level reported that there was an inverse correlation between the proportion of residents who used the examination and the inpatient and outpatient care cost by elderly persons 1. 2). A design of analytic studies, which is superior to correlational studies in evaluating the causality of the association, has also been used. Nakanishi et al conducted longitudinal studies on effects of use of various checkups on mortality among residents aged 65 and older living in an urban community 4.5). They reported that regular use of checkups since middle ages (mostly at workplace) was effective in reducing all cause deaths as well as deaths due to major causes. However, getting health examinations under the Act did not influence mortality after adjustment for potential confounders. Because their study defined the pattern of getting health examinations by combining use of the basic health examinations and use of cancer screening since middle ages, it did not clarify the sole effect on mortality of getting the basic health examination at old ages.
Persons who get health examinations are known to be biased in terms of health status 6). In analytic studies on the effectiveness of health examinations, health status at baseline is usually considered a potential confounder. However, if the influence of health status on the relation between use of health examinations and mortality is heterogeneous, that is, health status is an effect measure modifier, it is inappropriate to treat health status as a confounder 7). One way to cope with the issue is to perform analysis stratified by health status at baseline. Such analysis is useful because it reveals who are most likely to benefit from health examinations.
This longitudinal study aims to evaluate the effectiveness of regular use of the basic health examination under the Health Services for the Elderly Act at old ages in terms of mortality and to clarify characteristics of persons who benefit from the examination. As potential effect measure modifiers, the present study focuses on physical and mental health status.
MATERIALS AND METHODS

Study subjects
The study community, Otsuki town, is located 160 km southwest of Kochi city and is engaged in agriculture and fishing. The population was about 8,000 and the proportion of persons aged 65 years and older was 23 % in 1990. A questionnaire survey about health status and lifestyle characteristics was conducted for all noninstitutionalized residents aged 65 years and older in February 1991. Of 1,659 noninstitutionalized persons, 1,514 (91%) responded to the questionnaire survey. Reasons for non-response included absence during the survey period (N=39) and refusal (N=106). After excluding four persons with unknown birth dates, 37 persons who died within one year after the baseline survey and 3 persons who moved out during the year, 1,470 persons were used in the present analysis. As described below, the present analysis classified the study subjects according to whether getting the basic health examinations in 1990 and 1991. Because the examination is scheduled from April to December of each year in the study community, persons who died within one year after the baseline survey included persons who had no opportunity to get the examination in 1991. In order to ensure that all study subjects had an opportunity to get the basic health examination in both 1990 and 1991, persons who died or moved out within one year after the baseline survey were excluded.
Because it is recognized that the young-old (65-74 years) and old-old (75 and older years) differ in important ways in terms of their health status, life style characteristics, and their impact on health outcomes and mortality 8,9), the subjects were stratified by age at baseline; 901 persons aged 65-74 years [mean(standard deviation) of age, 69.0(2.9)] and 569 persons aged 75 and older [mean(standard deviation) of age, 80.7(4.9); the maximum of age, 1001. There was no difference in reasons for non-response between the two age groups.
Study variables
Regularity of use of the basic health examination of individual subjects was determined by the pattern of getting the examination in 1990 and 1991. Annual lists of residents who got the basic health examinations held in the two years were provided by the local municipality. The subjects were classified into three groups; those who got the examination in both 1990 and 1991(annual, N=474), those who got the examination in either year(biennial, N=439), and those who did not get the examination for two years(neither, N=557).
The questionnaire survey in 1991 measured health status and lifestyle characteristics. Physical health status was assessed with perceived health, activities of daily living (ADL) impairment, and chronic conditions under treatment. Perceived health was measured on a five point scale; excellent, good, fair, poor, or bad. ADL impairment was evaluated by whether needing help in the six items; walking, bathing, going to toilet, dressing, grooming and eating. Persons who needed help in at least one ADL item were regarded as impaired. The subjects were asked whether they received treatment for the following chronic conditions which were aimed at in the basic health examination; hypertension, heart disease, cerebrovascular disease, hypercholesterolemia, and diabetes mellitus. As a measure of mental health status, the Japanese version of the 30 item General Health Questionnaire (GHQ-30) 10,11) was used. The GHQ scoring method (range; 0-30) was used and persons scoring 8 and higher were considered having impaired mental health status. Since there is no report which assessed the cut point of GHQ score among elderly persons, the authors chose that used in a previous study for pregnant women 12) The proportion of persons scoring 8 and higher among those who completed GHQ-30 was 24% and 35%, respectively, in the 65-74 age group and in the 75 and older age group. 
Statistical analysis
A Mantel-extension test was used to examine a trend in the association between each health status and the regularity of getting the basic health examination.
A Cox proportional hazards model was fitted to examine the influence on mortality of the regularity of getting the basic health examination. The proportional hazards assumption for the regularity of the examination was checked by a model containing an interaction between the variable and time 13), and the interaction was not significant in either age group at the probability level of 0.20. Since the interaction between gender and regularity of getting the examination was not significant in either age group (p>O.15), gender was treated as a potential confounder. In analysis for cause specific mortality, separate models were fitted for each cause of deaths and persons who had died of other causes were treated as censored at the time of death 13).
Modifying effects of health status on the association between use of the examination and mortality were examined by fitting a proportional hazards model in individual strata of each dichotomized health status variables. Table 1 shows distribution of each health status variable according to the regularity of getting the basic health examination. The proportion of persons with no ADL impairment decreased significantly from annual to biennial to neither examinees in both age groups. On the other hand, the proportion of persons with no chronic conditions under treatment was higher in neither examinees than in annual and biennial examinees in the 65-74 age group. Table 2 shows associations between health status at baseline and mortality after adjustment for age and gender. Except for chronic conditions under treatment, favorable health status was associated with decreased mortality in both age groups. Table 3 shows age and gender adjusted hazard ratios of all cause and cause specific mortality for annual or biennial examinees compared with neither examinees. For all cause mortality, annual use of the examination was associated with decreased mortality in both age groups and the biennial use tended to be related to mortality reduction in the 65-74 age group. The benefit associated with getting the examination decreased with advancing in age. For major cause specific mortality, the benefit associated with getting the examination annually tended to be observed for both deaths due to circulatory system disease and deaths due to all non-circulatory system diseases. The benefit associated with annual use was statistically significant in the 65-74 age group. With regard to the effect on deaths due to malignant neoplasms, hazard ratios for annual and biennial use suggest a protective influence of the basic health examination in the 65-74 age group, although they were not statistically significant.
RESULTS
In order to examine whether the association between getting the basic health examination and subsequent mortality differs by level of health status at baseline, analysis was stratified by each health status variable. Because there was no essential difference in hazard ratios for use of the examination between a Table 1 . Distribution of health status variables according to regularity of getting the basic health examination by age group (%) . **: Difference across regularity of getting the examination when excluding unkno wn subjects by Mantel-extension test <0.01. model which included the remaining three health status variables into covariates and a model which did not, results from a model adjusted for age and gender are presented. Table 4 shows associations between the regularity of getting the examination and all cause mortality in each stratum of individual health status variables. The association was not evaluated for persons with ADL impairment in the 65-74 age group because of the small sample size.
In the 65-74 age group, a large amount of benefit from annual use of the examination and a reduced amount of benefit from biennial use were likely to be observed in both favorable and unfavorable strata of perceived health and GHQ-30 and in the stratum of no ADL impairment. The benefit was significant in the favorable stratum of each health status variable. Interestingly, among persons having chronic conditions under treatment, both annual and biennial use was associated with the same amount of mortality reduction. On the other hand, in the 75 and older age group, the benefit associated with annual use of the examination was restricted to persons having no ADL impairment and those scoring 7 and lower in GHQ-30. Among persons who had impairment in ADL and those scoring 8 and higher in GHQ-30, use of the examination had no protective influence on mortality.
DISCUSSION
It has not been clarified whether getting the basic health examination under the Health Services for the Elderly Act after reaching advanced ages is effective or not. The authors evaluated an effect of regular use of the examination on subsequent mortality by defining the regularity based on actual use of the examination for two consecutive years. The present analysis reveals that annual use of the examination at old ages protects premature deaths of elderly persons. Although the benefit gets smaller in advancing in age, it is still significant in the 75 and older age group. The benefit is unlikely to be restricted to specific causes of death, although the effect on deaths due to malignant neoplasms may be small.
In the study population, health status is not a confounder but an effect measure modifier of the association between regular use of the basic health examination and mortality in the 75 and older age group. In this age group, the effect of regular use of the examination on mortality was observed when annual examinees were not impaired in ADL or in mental health status. It seems that annual use of the basic health examination may be beneficial to persons who maintain high levels of functional health in this age group. Persons with impairment in functional health may have been too ill and impaired to benefit from the examination and accompanied health services 11).
On the other hand, in the 65-74 age group, the principle pattern of the relation is that both annual and biennial use of the examination was associated with reduced mortality regardless of levels of health status, and that the benefit from biennial use was smaller than that from annual use. The exception was observed among persons who got medical treatment for chronic conditions which the basic health examination is targeted on .
Among such persons, biennial use of the examination was associated with the same extent of reduction of mortality risk as annual use. The basic health examination is usually promoted to persons who do not receive treatment for chronic conditions in medical facilities. The present study indicates that the criteria to define the target population eligible for the basic health examination should be altered by age group. It seems to be inappropriate to remove residents at 65-74 ages who have chronic conditions under treatment from the target. In the 75 and older age group, it is reasonable to exclude persons who are impaired physically and mentally from the target.
In order to explain the benefit from regular use of the basic health examination, attention should be paid to health services following the health examination. In western countries, a strategy of comprehensive geriatric assessment was developed as a preventive health service for elderly persons. The comprehensive geriatric assessment determines an elderly persons's medical, psychological, functional, and environmental resources and problems, linked with an overall plan for treatment and follow-up 16, 16). Two characteristics have been reported to be attributable to the effectiveness of the assessment: targeting the assessment on elderly persons most likely to benefit, and the link of the assessment with active follow-up. The basic health examination is a preventive health service which should be incorporated into various follow-up services. Usually, health counseling and home visit guidance at individual level and health education at group level follow the basic health examination. Such health services may play important roles in performing effective health examinations. Furthermore, special situations of the study community may contribute to the effectiveness of the examination. The local municipality of the study community runs the only polyclinic in the study area. The staff of the facility not only provide medical care services for the residents but also participate in the basic health examination as examiners. Therefore, the linkage between assessment in the basic health examination and subsequent provision of services seems to be streamlined. The public health nurses at the local municipality and the staff of the medical facility cooperate to mobilize health and medical care services for elderly persons who need them 17).
Several limitations of the present study are as follows. Firstly, health status measures chosen in the present analysis were all self-reported ones. Objective measures which were obtained from the basic health examination, for example blood pressure, were not used. The authors performed analysis for 764 persons who got the examination in 1990 in order to assess influences of such objective health measures on mortality difference between annual and biennial users. However, meaningful findings were not obtained because of the reduced sample size and relatively low mortality of persons who got the examination. Secondly, the benefit from use of the examination at old ages may be attributable to getting regular health examinations since middle ages. In order to assess this possibility, the history of use of health examinations at middle ages should have been collected. Unfortunately, such records were unavailable to the present study. Thirdly, since the present study was conducted in a rural community with special situations, caution must be exercised to generalize the findings to other settings.
In spite of the limitations, the present findings shed light on the beneficial influence of regular use of the basic health examination at advanced ages. More attention must be paid to variability of the effectiveness according to age groups and levels of functional health status. In future studies, the effectiveness should be evaluated on other health outcomes such as physical and cognitive function and medical care use.
